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DERXWWKHIXQGDPHQWDOKHDOLQJSURFHVVHVZKLFKZRXOGDOORZIRUWDLORULQJRIELWXPHQGXULQJWKHPDQXIDFWXULQJSURFHVV
DQGFRXOGSRWHQWLDOO\KDYHDVLJQLILFDQWLPSDFWRQDQLQFUHDVHGSDYHPHQWVHUYLFHOLIHWLPH

&XUUHQW &( VSHFLILFDWLRQV IRU DVSKDOW ELQGHUV GR QRW FRQWULEXWH WR DGYDQFLQJ WKH XQGHUVWDQGLQJ RI WKH KHDOLQJ
SURSHUWLHVRIWKHELWXPHQDQGHYHQLQPRUHDFDGHPLFFRQWH[WUHVHDUFKHUVRIWHQOLPLWWKHPVHOYHVWRWKHSHUIRUPDQFHRI
IDWLJXHWHVWVZLWKDQGZLWKRXWUHVWSHULRGVIURPZKLFKDQRYHUDOOPHDVXUHRIWKHVWLIIQHVVRIWKHVDPSOHLVFDOFXODWHG
7KH IDWLJXHG VDPSOHV ZLWK UHVW SHULRGV PD\ VKRZ D VORZHU GHFUHDVH RI VWLIIQHVV WKDQ WKH VDPSOHV WKDW ZHUH
FRQWLQXRXVO\ IDWLJXHG 7KLV UDWLR LV WKHQ GLUHFWO\ XVHG DV D TXDQWLILFDWLRQ RI WKH KHDOLQJ SURSHQVLW\ RI WKH ELWXPHQ
GXULQJWKHUHVWSHULRGV<HWLWFRXOGEHDUJXHGWKDWSDUWRIWKLVUDWLRFDQEHFRQWULEXWHGWRWKHYLVFRHODVWLFXQORDGLQJ
EHKDYLRU RI WKH PDWHULDO DQG VD\V YHU\ OLWWOH DERXW WKH FKHPRPHFKDQLFDO KHDOLQJ SURSHQVLW\ QRU KHOSV LQ
XQGHUVWDQGLQJRIWKHFRQWUROOLQJSDUDPHWHUV

,QWKLVSDSHUDUHFHQWO\GHYHORSHGPRGHOWKDWDLPVDWH[SODLQLQJWKHIXQGDPHQWDOSURFHVVHVWKDWFRQWUROWKHKHDOLQJ
SRWHQWLDORIELWXPHQ LVGLVFXVVHGDQG LWV LPSOLFDWLRQVDUH OLQNHG WRDQHZO\GHYHORSHGRSHQ/LIH&\FOH$VVHVVPHQW
/&$IUDPHZRUN%\GRLQJVRDEHWWHUXQGHUVWDQGLQJZLOOEHFUHDWHGRIWKHLPSOLFDWLRQVRIELWXPHQZLWKLPSURYHG
KHDOLQJFDSDFLW\RQ WKHHQKDQFHG OLIHWLPHRI WKHSDYHPHQWDQG WKHDVVRFLDWHGHQYLURQPHQWFRVWV LQ WHUPVRIHQHUJ\
DQG HPLVVLRQV ,Q WKH IROORZLQJ ILUVW WKH FRQFHSW RI WKH GHYHORSHG KHDOLQJ PRGHO LV SUHVHQWHG IROORZHG E\ WKH
H[SODQDWLRQ RI WKH /&$ IUDPHZRUN DV ZHOO DV WKH DQDO\VHV RI WKH LPSDFW RI LQFUHDVHG KHDOLQJ SRWHQWLDO ERWK IRU
PRGLILHGDQGXQPRGLILHGELWXPHQ
)XQGDPHQWDOELWXPHQKHDOLQJPRGHO
+HDOLQJPRGHOSULQFLSOH
)URP $WRPLF )RUFH 0LFURVFRS\ $)0 VFDQV DQG DGYDQFHG QHXWURQ VFDWWHULQJ WHFKQLTXHV LW ZDV IRXQG WKDW
ELWXPHQ LV QRW DV KRPRJHQHRXV DEXONPDWHULDO DV LWPD\ DSSHDU WREH IURP ORRNLQJ DW LWZLWKEDUH H\HV%LWXPHQ
RULJLQDWLQJ IURPYDULRXVDVSKDOW FUXGHVRXUFHVZHUH LQYHVWLJDWHG IRU WKHLUSKDVH VWUXFWXUHDQGSKDVHPRYHPHQWDQG
FRPSDUHG WR WKHLU FKHPLFDO DQG PHFKDQLFDO FKDUDFWHULVWLFV DV PHDVXUHG LQ WKH ODERUDWRU\ DQG IURP ILHOG HYLGHQFH
3DXOL 7KLV VKRZHG WKDW HYHQ WKRXJK DOPRVW DOO ELWXPHQ DSSHDUHG WR KDYH VRPH IRUPRI µSKDVH VHSDUDWLRQ¶
GHSHQGLQJRQWKHWHPSHUDWXUHKLVWRU\ELWXPHQZLWKKLJKHUµZD[¶FRQWHQWVHHPHGWREHSDUWLFXODUO\VHQVLWLYHWRIRUP
FOXVWHUVZLWKLQDODUJHUPDWUL[6FKPHWVHWDO)URPWKH$)0ZRUNLWZDVGHWHFWHGWKDWWKHFOXVWHUVWKDWVHSDUDWH
RXWIURPWKHRYHUDOOELWXPHQPDWUL[DUHVKRZLQJDFU\VWDOOLQHVWUXFWXUH)LJHYHQWKRXJKLQSHUFHQWDJHVWKH\GRQRW
FRUUHODWH RQHWRRQH WR WKH SHUFHQWDJH RI µZD[¶ DV IRXQG IURP D 6$5$ DQDO\VLV RU RWKHU ELWXPHQ VHSDUDWLRQ
WHFKQLTXHV7KLVPHDQVWKDWWKHVWUXFWXULQJDSSHDUVWREHPRUHFRPSOLFDWHGWKDQDVLPSOHFU\VWDOOL]DWLRQDQGPHOWLQJ
RIWKHZD[IUDFWLRQV7KHSKDVHVHSDUDWLRQSKHQRPHQRQZDVWKHUHIRUHUHIHUUHGWRDVµZD[LQGXFHGSKDVHVHSDUDWLRQ¶LQ
ELWXPHQ3DXOL.ULQJRVHWDO&KDQJLQJWKHWHPSHUDWXUHRIWKHELWXPHQVKRZHGDPRYHPHQWRIWKHSKDVHV
DQGVRPHWLPHV UHVXOWHG LQDQRYHUDOO KRPRJHQHRXVPDWHULDOZHUH WKHFOXVWHUV VHHP WRKDYH µPHOWHG¶EDFN LQWR WKH
PDWUL[ VWUXFWXUH 7KLV DELOLW\ RI ELWXPHQ WR SKDVH VHSDUDWH DQG UHGLVWULEXWH LWV SKDVHV GHSHQGLQJ RQ WKH WKHUPDO RU
PHFKDQLFDOHQHUJ\LQSXWZDVWDNHQDVWKHEDVLVIRUWKHGHYHORSPHQWRIWKHKHDOLQJPRGHO

7KHKHDOLQJPRGHOLVEDVHGRQWKHH[LVWHQFHRILQWHUIDFHVEHWZHHQWKHELWXPHQSKDVHV&RQVLGHULQJWKDWWKHSKDVHV
KDYHGLIIHUHQWVWLIIQHVVSURSHUWLHVZKHQH[SRVHGWRDVWUHVVRUVWUDLQILHOGWKHLQWHUIDFH]RQHVZLOODWWUDFWKLJKVWUHVV
FRQFHQWUDWLRQV7KHVH]RQHVPD\WKHUHIRUHVWDUWWR\LHOGILUVWFUHDWLQJWKHRQVHWRIDµFUD]LQJ¶ILHOGLQVLGHWKHPDWHULDO
RULQRWKHUZRUGVWKHDSSHDUDQFHRIFUDFNVRQWKHQDQRVFDOH,IWKHELWXPHQSKDVHVDUHVRFDOOHGIUR]HQLQWLPHWKHVH
PLFURFUDFNVPD\SURSDJDWHLQWRPDFURFUDFNVDQGZRXOGOHDGWRDSHUPDQHQWUHGXFWLRQRIWKHPHFKDQLFDOSURSHUWLHV
RIWKHPDWHULDO,IKRZHYHUWKHVHSKDVHVDUHPRELOHWKHLQWHUIDFHZRXOGDOVRGLVDSSHDUXSRQFKDQJLQJRIWKHRYHUDOO
FRQILJXUDWLRQ:LWK WKLV UHFRQILJXUDWLRQ WKH FUD]LQJ ]RQHV ZRXOG WKHUHIRUH DOVR GLVDSSHDU $V VXFK WKH GDPDJH
FUHDWHGZLWKWKHFUD]LQJILHOGLVORVWDQGWKHPHFKDQLFDOSURSHUWLHVRIWKHELWXPHQUHFRYHUHGRUµKHDOHG¶

7KHKHDOLQJPRGHO LV VWLOOXQGHU IXUWKHUGHYHORSPHQWDQG IXOO FDOLEUDWLRQDQGYDOLGDWLRQZLOOEHFRQWLQXHG LQ WKH
FRPLQJ\HDUV)URPWKHFLUFXPYHQWHGHYLGHQFHFROOHFWHGVRIDUKRZHYHU WKHELWXPHQZKLFKKDV VKRZQWREHJRRG
KHDOHUVLQWKHILHOGZRXOGDOVREHSUHGLFWHGWREHJRRGKHDOHUVIURPWKHPRGHO,QWKHIROORZLQJDEULHIRYHUYLHZLV
JLYHQRIWKHJRYHUQLQJHTXDWLRQVDQGWKHGRPLQDQWSDUDPHWHUV

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ZKHUH < LVWKHFRQILJXUDWLRQDOIUHHHQHUJ\ J< LVWKH&DKQ+LOOLDUGVXUIDFHIUHHHQHUJ\DQG H< LVWKHVWUDLQHQHUJ\

6ROYLQJ WKHVH HTXDWLRQV DOORZV IRU WKH VLPXODWLRQ RI SKDVH VHSDUDWLRQ IURPYDULRXV VWDUWLQJ FRQILJXUDWLRQV7KH
IUHHHQHUJ\SRWHQWLDOVDQGWKHPRELOLW\FRHIILFLHQWDUHKHUHE\WKHLPSRUWDQWLQSXWSDUDPHWHUVWRWKHPRGHODQGQHHGWR
EHGHWHUPLQHGIRUWKHLQGLYLGXDOELWXPHQ,Q)LJDFRPSDULVRQEHWZHHQ$)0VFDQVDQGWKHPRGHOLVJLYHQIRUWKUHH
GLIIHUHQWELWXPHQ0RUHGHWDLOVDERXWWKHDQDO\VHVFDQEHIRXQGIURP.ULQJRVHWDO



)LJ&RPSDULVRQEHWZHHQ$)0VFDQVDQGFRPSXWHGSKDVHFRQILJXUDWLRQ.ULQJRVHWDO
$$$ $$' $$0
D E F
2193 Ali Azhar Butt et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2190 – 2200 
7KHPRGHOFDQDOVREHXWLOL]HGLQDQµXSVFDOHG¶PDQQHULQZKLFKWKHUHDUUDQJHPHQWRIWKHSKDVHVWKHDSSHDUDQFH
DQG WKLFNQHVVRI WKH LQWHUIDFHVDUH OLQNHG WRDKHDOLQJIXQFWLRQ WKDWEHFRPHVDQ LQWULQVLFSDUDPHWHU WKDWFRQWUROV WKH
HYROXWLRQ RI GLVVLSDWHG HQHUJ\0RUHGHWDLOV RQ WKH HTXDWLRQV RI WKLVPRGHO DQG WKH SDUDPHWHUV FDQ EH IRXQG IURP
.ULQJRVHWDO,Q)LJWKHIRUFHYHUVXVGLVSODFHPHQWGLDJUDPLVVKRZQIRUDVLPXODWLRQRIDIDWLJXHWHVWXVLQJ
WKLVPRGHO)URPWKHJUDSKVLWFDQEHVHHQWKDWLQWKHFDVHRQWKHµKHDOLQJEHDP¶WKHPDWHULDOKDVORVWLWVPHPRU\RI
WKHSUHYLRXVORDGLQJF\FOHZKHUHDVLQWKHFDVHRIWKHµQRKHDOLQJEHDP¶WKHPDWHULDOLVFRQVLGHUDEO\ZHDNHUDIWHUWKH
ILUVWORDGLQJF\FOH
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)LJ6LPXODWLRQRIKHDOLQJYHUVXVQRKHDOLQJDVSKDOWEHDP
)XQGDPHQWDOELWXPHQFKDUDFWHULVWLFVWKDWDIIHFWWKHKHDOLQJSRWHQWLDO
)URPVLPXODWLRQVZLWKWKHGHYHORSHGKHDOLQJPRGHOWKDWLVEULHIO\GHVFULEHGLQWKHSUHYLRXVVHFWLRQVLWKDVEHFRPH
HYLGHQWWKDWPDQ\GLIIHUHQWELWXPHQSKDVHFRQILJXUDWLRQVFDQEHIRUPHGIURPDQLQLWLDOO\KRPRJHQHRXVFRQILJXUDWLRQ
7KHLQLWLDOFRQILJXUDWLRQDQGWKHVPDOOHVWORFDOGLVSHUVLRQVRIWKHPDWHULDOFDQKHUHE\KDYHDQLPSRUWDQWHIIHFWDVGRHV
WKHFRQILJXUDWLRQDQGVXUIDFHIUHHHQHUJ\SRWHQWLDOV7KHUDWHDWZKLFKWKHVHFKDQJHVRFFXULVRIJUHDWLPSRUWDQFHIRU
WKHSUDFWLFDO LPSOLFDWLRQVRI WKLVSKHQRPHQRQDV LWZLOO UHODWH WR UHVWSHULRGV LQ WKH ODERUDWRU\ WRDVVHVV WKHKHDOLQJ
UDWHV DQG WKH DFWXDO KHDOLQJ DELOLW\ RI WKH DVSKDOW SDYHPHQW 0RELOLW\ RI WKH ELWXPHQ LV KHUHE\ DQ LPSRUWDQW
FKDUDFWHULVWLFRIWKHELWXPHQWKDWDIIHFWVWKHKHDOLQJSRWHQWLDODQGVKRXOGEHGHWHUPLQHG,WFDQWKHUHIRUHEHH[SHFWHG
WKDWHQKDQFLQJWKHPRELOLW\RIWKHELWXPLQRXVSKDVHVKHDOLQJUDWHVZLOOLQFUHDVHDQGWKXVZLOOWKHSDYHPHQWOLIHWLPH

7KHFRQILJXUDWLRQIUHHHQHUJ\SRWHQWLDORIELWXPHQFDQEHGHWHUPLQHGIURPWKHFRQILJXUDWLRQVIUHHHQHUJ\FXUYHVRI
WKH LQGLYLGXDO SKDVHV E\ DVVXPLQJ WKDW D FHUWDLQ FRPSRVLWLRQ RQO\ WKH SKDVH ZLWK WKH ORZHVW HQHUJ\ ZLOO H[LVW
(TXLOLEULXP LV WKHQ IRXQG ZKHQ WKH FKHPLFDO SRWHQWLDO LV KRPRJHQHRXV WKURXJKRXW WKH PDWHULDO 7KLV GRHV QRW
KRZHYHUPHDQWKDWWKHPDVVIUDFWLRQKDVWREHKRPRJHQHRXV,QKRPRJHQHRXVGLVWULEXWLRQRISKDVHVDIIHFWVWKHDELOLW\
IRUELWXPHQ WR WUDQVPLW VWUHVVHV WKURXJK LWVPDWUL[+DYLQJNQRZOHGJHDERXW WKHELWXPHQFRQILJXUDWLRQ IUHHHQHUJ\
SRWHQWLDOVFDQWKHUHIRUHFRQWULEXWHWREHWWHUSUHGLFWLRQVRIWKHLQWLPHHYROXWLRQRILWVDELOLW\WRWUDQVPLWVWUHVVHVDQG
UHGXFHGDPDJHSURSDJDWLRQ2SWLPL]LQJ WKHELWXPHQSKDVHGLDJUDPV WRSURPRWH WKH UHVLOLHQFH IRU VWUHVVHQGXUDQFH
ZLOO WKHUHIRUH HQKDQFH WKH OLIHWLPH RI WKH RYHUDOO SDYHPHQW 7KLV PHDQV WKDW PROHFXODU YROXPHV GHQVLWLHV DQG
VROXELOLW\RIWKHELWXPHQSKDVHVVKRXOGEHGHWHUPLQHG

7KH VXUIDFH IUHH HQHUJ\ SRWHQWLDO DFFRXQWV IRU HQHUJ\ GXH WR LQWHUIDFHV EHWZHHQ WKH GLVWLQFW SKDVHV )RU GLIIXVH
LQWHUIDFHVWKLVPHDQVWKDWWKHIUHHHQHUJ\LVGHSHQGHQWRQERWKWKHORFDOFRPSRVLWLRQDVZHOODVLWVVXUURXQGLQJV,Q
WKH GHYHORSHG KHDOLQJ PRGHO WKH &DKQ+LOOLDUG DSSURDFK LV WDNHQ LQ ZKLFK WKH JHQHUDWLRQ DQG WKLFNQHVVHV RI WKH
LQWHUIDFHVGHSHQGVRQDJUDGLHQWHQHUJ\FRHIILFLHQW ,QVLJKW LQWR WKHJUDGLHQWHQHUJ\FRHIILFLHQWVRIYDULRXVELWXPHQ
ZRXOGHQDEOHPRUHDFFXUDWHSUHGLFWLRQV LQWR WKHHYROXWLRQRIGDPDJHDQGKHDOLQJSRWHQWLDO DQGZRXOGDOORZ IRUDQ
RSWLPL]DWLRQRIWKHORQJWHUPEHKDYLRU

$OOWKHVHSURSHUWLHVFRXOGWKHUHIRUHKDYHDVLJQLILFDQWHIIHFWRQWKHKHDOLQJSRWHQWLDORIELWXPHQDQGVKRXOGLQWKH
IXWXUHEHLQFRUSRUDWHGLQDVSKDOWVWDQGDUGVWRHQDEOHRSWLPL]DWLRQRIWKHPDWHULDODVZHOODVEHWWHUSUHGLFWLRQRIWKH
PHFKDQLFDOSURSHUWLHVRIWKHSDYHPHQW





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


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,PSOLFDWLRQVIRUDVSKDOWSDYHPHQWV
:LWKWKHDGYHQWRIPRUHSRZHUIXOH[SHULPHQWDOWRROVZLWKEHWWHUFRQWUROOHGHQYLURQPHQWDOFRQGLWLRQVLWLVIRUHVHHQ
WKDWIXWXUHUHVHDUFKZLOOEHDEOHWRDFFXUDWHO\DQGPRUHHDVLO\GHWHUPLQHWKHVHSDUDPHWHUVIRUELWXPHQ5HVHDUFKZLOO
FRQWLQXHWRGHYHORSWKHSUHGLFWLYHPRGHOVDQGPRUHLQVLJKWLQWRWKHIXQGDPHQWDOSDUDPHWHUVWKDWLQIOXHQFHWKHKHDOLQJ
DQGGDPDJHUHVLVWDQFHRIELWXPHQZLOOEHJHQHUDWHG,WFDQEHHQYLVLRQHGWKDWIURPWKLV UHVHDUFKGHWDLOHGGDWDEDVHV
ZLWKWKHPRVWFRPPRQO\XVHGELWXPHQZLOOEHGHYHORSHGWKDWFDQEHLQFOXGHGLQIXWXUHDVSKDOWPL[WXUHDQGSDYHPHQW
GHVLJQ$OVRPRUHGHWDLOHG WHVWSURFHGXUHV WKDWZRXOGHQDEOH UHVHDUFKHUVDQGSDYHPHQWHQJLQHHUV WRPHDVXUH WKHVH
SDUDPHWHUVIRUWKHLURZQPDWHULDOZLOOEHFRPHDYDLODEOHLQWKHFRPLQJ\HDUV

)URPDFRQWUDFWRUDQGURDGDXWKRULWLHVSRLQWRIYLHZLWLVKRZHYHUYHU\LPSRUWDQWWRXQGHUVWDQGWKHLPSOLFDWLRQV
RIHQKDQFHGKHDOLQJFDSDFLW\WRWKHRYHUDOOSDYHPHQWOLIHWLPH3RWHQWLDOLQFUHDVHGHQYLURQPHQWDODQGDFWXDOFRVWVE\
WDLORULQJ WKH PDWHULDO RU DGGLQJ DGGLWLRQDO FKDUDFWHUL]DWLRQ WHVW SURFHGXUHV WR WKH PDQXIDFWXULQJ GHVLJQ DQG
FRQVWUXFWLRQ SURFHVV VKRXOG EH PXFK OHVV WKDQ WKH DGGHG JDLQ WKURXJK HQKDQFHG OLIHWLPH UHGXFHG PDLQWHQDQFH
H[SHQVHV DQG GLPLQLVKHG HQYLURQPHQWDO LPSDFW 7R EH DEOH WR PDNH VXFK DQ DVVHVVPHQW DOO SURFHVVHV WKDW DUH
LQYROYHGZLWKWKHSDYHPHQWOLIHWLPHVKRXOGEHORRNHGDW&RQVLGHULQJWKHFRPSOH[LW\RIVXFKDQDO\VHVDIOH[LEOHDQG
FRPSUHKHQVLYHWRROLVQHHGHGWKDWFDQVHUYHDVDOHDUQLQJWRROWRPDNHSUHGLFWLRQVRIWKHHQYLURQPHQWDOHFRQRPLFDQG
VRFLHWDOJDLQE\FKDQJLQJDQ\RIWKHSDYHPHQWFRPSRQHQWV,QWKHIROORZLQJVHFWLRQVDQHZRSHQ/&$IUDPHZRUNLV
SUHVHQWHGWKDWLVFXUUHQWO\EHLQJGHYHORSHGIRUWKLVUHDVRQ)LUVWWKHGHWDLOVRIWKHIUDPHZRUNZLOOEHSUHVHQWHGDIWHU
ZKLFKDGHWDLOHGFDVHVWXG\ LVPDGH WRVKRZWKH LPSDFWRQ WKHRYHUDOO OLIHF\FOHRI WKHSDYHPHQWE\ LPSURYLQJ WKH
KHDOLQJSRWHQWLDORIWKHELWXPHQ
(QKDQFHOLIHWLPHSUHGLFWLRQ
)URPWKHSUHVHQWHGKHDOLQJPRGHOLWEHFRPHVFOHDUWKDWIXQGDPHQWDOXQGHUVWDQGLQJRIWKHPDWHULDOSURSHUWLHVWKDW
FRQWURO WKHKHDOLQJSRWHQWLDORIELWXPHQFDQ OHDG WRDVLJQLILFDQW LPSURYHPHQW WR WKH ORQJ WHUPEHKDYLRURIDVSKDOW
SDYHPHQWV2QFHWKHIXQGDPHQWDOSURSHUWLHVDUHXQGHUVWRRGELWXPHQFDQEHGHVLJQHGIRURSWLPXPKHDOLQJSRWHQWLDO
RYHULWVHQWLUHOLIHWLPHDQGDVVXFKFDQHQKDQFHWKHVXVWDLQDELOLW\RIWKHKLJKZD\OLIHDVZHOODVPLQLPL]HWKHLPSDFW
RQWKHHQYLURQPHQW2SWLPL]LQJWKHELWXPHQPD\KRZHYHULQYROYHXVLQJH[WUDHQHUJ\DQGFUHDWLQJPRUHHPLVVLRQVDW
WKH SURGXFWLRQ SKDVH RI WKHPDWHULDOV DQG WKH SDYHPHQW 7R EH DEOH WR DVVHVV WKH H[WUD HQYLURQPHQWDO LPSDFWZLWK
UHVSHFW WR WKH H[WUD JDLQ ERWKRQ WKH ORQJ WHUP LPSURYHGSDYHPHQWEHKDYLRU DVZHOO DV WKH UHGXFHG LPSDFW WR WKH
VRFLHW\LWLVLPSRUWDQWWRWDNHWKHHQWLUHSDYHPHQWOLIHLQWRFRQVLGHUDWLRQ)RUWKLVWKHDERYHSUHVHQWHGKHDOLQJPRGHO
LVOLQNHGWRDQHZO\GHYHORSHG/&$IUDPHZRUN
3ULQFLSOHRIWKHRSHQ/LIH&\FOH$VVHVVPHQWIUDPHZRUN
/LIH&\FOH$VVHVVPHQWLVDYHUVDWLOHWRROWRLQYHVWLJDWHWKHHQYLURQPHQWDODVSHFWRIDSURGXFWDVHUYLFHDSURFHVV
RUDQDFWLYLW\E\ LGHQWLI\LQJDQGTXDQWLI\LQJUHODWHG LQSXWDQGRXWSXW IORZVXWLOL]HGE\ WKHV\VWHPDQG LWVGHOLYHUHG
IXQFWLRQDO RXWSXW LQ D OLIH F\FOH SHUVSHFWLYH %DXPDQQ HW DO  ,GHDOO\ LW LQFOXGHV DOO WKH SURFHVVHV IURP WKH
FUDGOHWRWKHJUDYHRIDSURGXFW6WXG\LQJWKHHIIHFWVDQGWKHLPSDFWVRQWKHHQYLURQPHQWGXULQJWKHGLIIHUHQWSKDVHV
RI D URDG¶V OLIHWLPH HQDEOHV UHVHDUFKHUV WR GHYHORS HIIHFWLYH PHDVXUHV WR UHGXFH WKH XVHG UHVRXUFHV DQG WKH
HQYLURQPHQWDOORDGV

$QHZRSHQ/&$IUDPHZRUNIRUDVSKDOWSDYHPHQWVZDVUHFHQWO\GHYHORSHGE\%XWWHWDOZKLFKFRQVLGHUV
HQHUJ\FRQVXPSWLRQDQGHPLVVLRQVSURGXFHGLQWKHOLIHWLPHRIWKHSDYHPHQW7KHDVSKDOWSDYHPHQWWKLFNQHVVZKLFK
LVWKHRXWSXWIURPDSDYHPHQWGHVLJQWRROLVIHGLQWRWKH/&$IUDPHZRUNDVDQLQSXWYDOXH7KH/&$IUDPHZRUNWKHQ
TXDQWLILHV HQHUJ\ UDZPDWHULDOV DQG HPLVVLRQV IRU WKH FRQVWUXFWLRQPDLQWHQDQFH DQG WKH HQGRI OLIH RI WKH DVSKDOW
SDYHPHQW,QWKHV\VWHPGHILQLWLRQFHUWDLQERXQGDULHVZHUHDVVXPHGLQWKHGHYHORSPHQWRIWKHIUDPHZRUN)LUVWO\LW
ZDVDVVXPHGWKDWWKHURDGORFDWLRQZDVDOUHDG\NQRZQDVWKHVWXG\ZDVOLPLWHGWRWKHSURMHFWOHYHO6HFRQGO\ODQG
DUHD XVH IRU VRPH RWKHU SXUSRVH OLNH EXLOGLQJ FRQVWUXFWLRQ ZDV QRW FRQVLGHUHG )XUWKHUPRUH WKH WKLFNQHVV RI WKH
DVSKDOWOD\HUZDVDVVXPHGWREHFRQVWDQWDORQJWKHOHQJWKRIWKHURDGDQGIXHODQGHOHFWULFHQHUJLHVZHUHDFFXPXODWHG
VHSDUDWHO\7KLVDVVXPSWLRQZDVPDGHEHFDXVHHOHFWULFLW\LVDVHFRQGDU\HQHUJ\VRXUFHZKLFKFRXOGRQO\EHDGGHGWR
WKH IXHOHQHUJ\ LI WKHHOHFWULFLW\SURGXFWLRQHQHUJ\DQGHIILFLHQF\DUHNQRZQ7KH UDZPDWHULDOVFRQVLGHUHG IRU WKH
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IUDPHZRUNDUHELWXPHQDJJUHJDWHDQGDGPL[WXUHVRUDGGLWLYHVOLNHZD[HVRUSRO\PHU$Q\WKLQJWKDWGLGQRWHQGXSDV
DQRXWSXWLQWKHV\VWHPEXWVWLOOZDVXWLOL]HGLQWKHSURFHVVZDVUHIHUUHGWRDV³RWKHUXWLOLWLHV´LQWKHIUDPHZRUN

&DVHVWXG\
7KH VHOHFWHGSDYHPHQWSURILOH DQGPDWHULDOV DUHEDVHGRQ D FRPPRQO\EXLOW 6ZHGLVK SDYHPHQW VWUXFWXUH WKDW LV
GHVLJQHGWRKDYHDVHUYLFHOLIHWLPHRI\HDUV7KHSDYHPHQWFRQVLVWVRIDPPWKLFNZHDULQJFRXUVHELQGHUFRXUVH
GLIIHUHQWIRUGLIIHUHQWFDVHVGHSHQGLQJRQWKHGHVLJQDERYHDQPPEDVHFRXUVHDQGDPPJUDQXODUVXEEDVH
OD\HU7KHZHDULQJFRXUVHFRQVLVWVRIDGHQVHO\JUDGHGDVSKDOWPL[WXUH$%7ZLWKDPD[LPXPDJJUHJDWHVL]HRI
PPZKHUHDVWKHELQGHUFRXUVH$*DFFRUGLQJWRWKHGHVLJQLVPPIRUFDVHDQGDQGPPIRUFDVH
ZLWKDPD[LPXPDJJUHJDWHVL]HRIPP)RUWKHVWXG\WKHIROORZLQJWKUHHGLIIHUHQWFDVHVDUHFRQVLGHUHGXVLQJWKH
/&$IUDPHZRUN

x &DVHLVEDVHGRQELWXPHQWKDWLVDVVXPHGWRKDYHQRKHDOLQJFDSDFLW\

x &DVH  LV EDVHG RQ WKH DVVXPSWLRQ WKDW WKH ELWXPHQ KDV LQ IDFW NQRZQ FDSDELOLW\ IRU DQ LQWULQVLF KHDOLQJ
PHFKDQLVP ZLWKRXW WKH QHHG IRU DQ\ DGGLWLRQDO PRGLILFDWLRQ 7KLV KHDOLQJ FDSDFLW\ LV JLYLQJ D µIUHH¶ 
LQFUHDVHRIWKHSDYHPHQWOLIHWLPHZLWKFRPSDULVRQWRWKHµQRQKHDOLQJ¶&DVH

x &DVHLVEDVHGRQPRGLILFDWLRQRIWKHELWXPHQZLWKUHVSHFWWR&DVHE\DGGLQJ0RQWDQZD[WRWKHELWXPHQ
7KLVLVJLYLQJWKHSDYHPHQWDQDGGHGLQFUHDVHRIWKHOLIHWLPHVLPLODUWR&DVHEXWLQWKLVFDVHWKHELWXPHQ
GLGQRWKDYHDQDWXUDOKHDOLQJWHQGHQF\DQGKDGWREHPRGLILHG

7KHFRPSDULVRQEHWZHHQ&DVHDQG&DVHZLOOJLYHLQVLJKWLQWRWKHDGGHGEHQHILWVLQWHUPVRIUHGXFHGHQHUJ\DQG
*UHHQKRXVH*DVHPLVVLRQVZKHQWKHXVHGELWXPHQKDVDQLQWULQVLFKHDOLQJFDSDFLW\+HUHWKHDVVXPSWLRQLVPDGHWKDW
H[DFWO\WKHVDPHELWXPHQLVXVHGLQERWKFDVHV7KHFRPSDULVRQEHWZHHQ&DVHDQG&DVHZLOOHQDEOHEDODQFLQJWKH
SUR¶VDQGFRQ¶VRIH[WUDHQHUJ\DQGHPLVVLRQVGXHWRPRGLI\LQJWKHELWXPHQZLWKWKHDGGHGOLIHWLPHEHQHILWV

7KHGHVLJQOLIHWLPHRI&DVHSDYHPHQWLV\HDUV$QDGGHGOLIHWLPHRIZRXOGWKXVLQGLFDWHDQH[WUD\HDUV
RIUHPDLQLQJSDYHPHQWOLIH OHDGLQJWRDIXQFWLRQDOOLIHWLPHRI\HDUV&RQVLGHULQJWKHFXUUHQWZDUUDQW\V\VWHPLQ
WKH(8LQZKLFKSDYHPHQWVDUHGHVLJQHGIRUDJLYHQOLIHWLPHDQGDQ\XQH[SHFWHGGDPDJHVZLOOUHVXOWLQSHQDOWLHVIRU
WKHFRQWUDFWRUGXULQJWKLVSHULRGWKHH[WUDOLIHWLPHLVKHUHLQFRUSRUDWHGLQWRWKHGHVLJQOLIHE\NHHSLQJWKH\HDUVDV
WKHPD[LPXPVHUYLFHOLIH:KLFKPHDQVWKDWDSDYHPHQWWKDWLVVXSSRVHGWRKDYHDVHUYLFHOLIHRI\HDUVFDQLQIDFW
EHGHVLJQHGIRU\HDUVLHRIWKHVHUYLFHOLIHZKHQWKHKHDOLQJFDSDFLW\ZLOOJLYHDQDGGHGOLIHWLPHRI
7KHODWWHUVLWXDWLRQLVDVVXPHGLQWKHIROORZLQJ/&$FDOFXODWLRQV

$OO WKUHHFDVHVDUHDVVXPHGWREHH[SRVHG WRPLOOLRQ(6$/¶V(TXLYDOHQW6LQJOH$[OH/RDGDQG WKHDVSKDOW
PL[GHVLJQLVNHSWWKHVDPHIRUDOO WKUHHFDVHV LQZKLFKWKH$*ELQGHUFRXUVHKDVDELQGHUFRQWHQWRIDQG
DJJUHJDWHVDQGWKH$%7ZHDULQJFRXUVHKDVDELQGHUFRQWHQWRIDQGRIDJJUHJDWHV,Q&DVHVDQG
WKHELQGHUKDVD3*ELQGHUZKHUHDVLQ&DVH0RQWDQZD[E\ZHLJKWRIELWXPHQLVDGGHGWR
FUHDWH WKH KHDOLQJ FDSDFLW\ DV SUHGLFWHG E\ WKH KHDOLQJ PRGHO WKDW ZDV GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ %LQGHU
PRGLILFDWLRQZLWKZD[LQDGGLWLRQWRHQKDQFLQJWKHKHDOLQJFDSDFLW\DOVRFKDQJHVLWVYLVFRVLW\,QWKLVFDVHWKHZD[
PRGLILFDWLRQFKDQJHVWKHELQGHUWRD3*

7DEOH'LVWDQFHVFRQVLGHUHGIRUWKHLQYHQWRU\RIWUDQVSRUWDWLRQRIPDWHULDOV









'LVWDQFHVNP
0DWHULDOV )URP 7R &DVH 6HQVLWLYLW\$QDO\VLV
%LWXPHQ 5HILQHU\ 0L[SODQW  
:D[ 6WRUDJH 0L[SODQW  
$JJUHJDWH 4XDUU\VLWH 0L[SODQW  
$VSKDOW 0L[SODQW &RQVWVLWH  
GLVWDQFHVDUHGRXEOHGLQFDOFXODWLRQVDVORDGHGWUXFNVZLOOUHDFKWKHVLWHDQG
ZLOOEHHPSW\RQUHWXUQ
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
7KHIXQFWLRQDOXQLWRQWKHEDVLVRIZKLFKWKH/&$FDOFXODWLRQVDUHPDGHLVGHILQHGDVWKHFRQVWUXFWLRQRINP
ORQJ DQG  P ZLGH DVSKDOW SDYHPHQW IRU WKH VWDWHG GHVLJQ OLIH $VSKDOW SURGXFWLRQ GDWD IRU HOHFWULFLW\ LV 
N:KWRQQHDVSKDOWSURGXFHGDQGGLHVHORUKHDWLQJRLO LVOLWWRQQHDVSKDOWSURGXFHG7KHVHYDOXHVZHUHREWDLQHG
IURP6NDQVNDRQHRIWKHODUJHVWFRQWUDFWRUVLQ6ZHGHQ'DWDRIHQHUJ\FRQVXPHGSHUWRQQHRIPDWHULDOVHOHFWULFLW\
PL[ IXHO DQG HPLVVLRQV XVHG E\ 6WULSSOH  KDYH EHHQ VHOHFWHG IRU WKH DQDO\VLV 7UDQVSRUWDWLRQ GLVWDQFHV DUH
DVVXPHGDQGDUHVKRZQLQWKHILUVWFROXPQRI7DEOH7RVKRZWKHHIIHFWRIWKHGLVWDQFHVRQWKHRYHUDOOHPLVVLRQVDQG
HQHUJ\XVDJHDYDULDWLRQWRWKHVHGLVWDQFHVZDVSURSRVHG7KHVFKHPDWLFGLDJUDP)LJVKRZVKRZWKHVHGLVWDQFHV
ZHUHFKDQJHGWRUXQDVHQVLWLYLW\DQDO\VLV














)LJ0DWHULDOVWUDQVSRUWDWLRQGRWWHGOLQHVVKRZWKHGLVWDQFHVFRQVLGHUHGIRUWKHVHQVLWLYLW\DQDO\VLV

,Q WKH DEVHQFH RI DFWXDO GDWD RI WKH FKDQJH LQ IXHO DQG HOHFWULFLW\ LQ WKH DVSKDOWPL[ SODQWZKHQ XVLQJ WKHZD[
PRGLILFDWLRQ DPHWKRGZDV GHYHORSHG WR FDOFXODWH DQ HVWLPDWHGYDOXH7KH IXHO YHUVXV DVSKDOWPL[LQJ WHPSHUDWXUH
FXUYH ZDV EDVHG RQ WKH UHODWLRQVKLS GHYHORSHG E\ '¶$QJHOR HW DO  )LJ  D 5HGXFWLRQ LQ WKH PL[LQJ
WHPSHUDWXUHGXHWRWKHDGGLWLRQRIZD[LQWKHELWXPHQZDVFDOFXODWHGEDVHGRQWKHURWDWLRQDOYLVFRVLW\GDWDWDNHQIURP
'DVHWDO)LJE%\FRPELQLQJWKHVHWZRIXQFWLRQVDGLUHFWUHODWLRQVKLSEHWZHHQWKHELQGHUYLVFRVLW\DQG
WKHIXHOFRQVXPSWLRQZDVHVWDEOLVKHG)LJ8VLQJ)LJUHGXFWLRQLQWKHIXHOFRQVXPSWLRQGXHWRDGGLWLRQRIZD[LQ
WKHELQGHUFRXOGHDVLO\EHHVWLPDWHG%\XVLQJ WKLVPHWKRG WKHDGGLWLRQRI0RQWDQZD[UHVXOWHG LQD3*JUDGH
FKDQJHIURP3*WR3*DQGDUHGXFWLRQRIDOPRVW&LQDYHUDJHPL[LQJWHPSHUDWXUHZDVIRXQG8VLQJ
WKLVUHGXFWLRQLQWHPSHUDWXUHWKHIXHOYHUVXVWHPSHUDWXUHUHODWLRQVKLSZDVXVHGDQGDQHVWLPDWHGUHGXFWLRQLQIXHOWR
SURGXFHZD[PRGLILHGDVSKDOWPL[WXUHVZDVGHWHUPLQHGWREHOLWHUSHUWRQQHRIDVSKDOWSURGXFHG+HQFHOLWHUV
IXHOZDVXVHGSHUWRQQHZD[PRGLILHGDVSKDOWSURGXFWLRQLQWKHDVSKDOWSODQW
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
)LJ)XHOUHGXFWLRQEDVHGRQUHGXFWLRQLQYLVFRVLW\GXHWRZD[PRGLILFDWLRQRIWKHELQGHU
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5HVXOWV
7KHUHVXOWVRIWKH/&$DQDO\VHVDUHUHSRUWHGLQ7DEOHDQG7DEOH3DUDPHWHUVDEDQGFDUHWKHXQNQRZQHQHUJ\
YDOXHV LQ *- ZKLFK DUH DVVRFLDWHG ZLWK WKH HOHFWULF IXHO DQG WUDQVSRUWDWLRQ HQHUJLHV UHVSHFWLYHO\ IRU WKH ZD[
3DUDPHWHUV G DQG H DUH &2HT YDOXHV LQ WRQQHV IRU ZD[ SURGXFWLRQ DQG WUDQVSRUWDWLRQ )RU &DVH  WKH EHWWHU
XQGHUVWDQGLQJRI WKHKHDOLQJFDSDFLW\RI WKHPDWHULDO OHG WRDSUHGLFWHG OLIHWLPH LQFUHDVHRIZKLFK UHVXOWHG LQ
*-RUOHVVHQHUJ\FRQVXPSWLRQDQGDOPRVWWRQQHVRUOHVV&2HTHPLVVLRQVSHU IXQFWLRQDOXQLW LQ
FRPSDULVRQWR&DVH)RUWKHFDOFXODWLRQRI&DVHLWZDVDVVXPHGWKDWOHVVELWXPHQLVQHHGHGLQWKHSDYHPHQW
VLQFHWKLVLVUHSODFHGE\ZD[ZKLFKZRXOGJLYHDVDYLQJRIDOPRVW*-RUHQHUJ\DQGWRQQHV&2HTRU
LQFRPSDULVRQWR&DVH7KDWLVLIWKHZD[SURGXFWLRQDQGZD[WUDQVSRUWDWLRQHQHUJ\LVQRWLQFOXGHGLQ&DVH
2EYLRXVO\ LQ D OLIH F\FOHSHUVSHFWLYH WKLV VKRXOGEH LQFOXGHG LQ WKH FDOFXODWLRQV7KLVPHDQV WKDW IRU WKHELWXPHQ
PRGLILFDWLRQWREHEHQHILFLDOIURPDQHQHUJ\SRLQWRIYLHZWKHWRWDOVXPRIWKHHQHUJ\DQG*+*HPLVVLRQVVSHQWRQ
ZD[SURGXFWLRQDQGWUDQVSRUWDWLRQVKRXOGEHOHVVWKDQ*-DQGWRQQHV&2HTZKHQFRPSDULQJWRWKHFDVHRIQRQ
KHDOLQJELWXPHQ:KHQFRPSDUHGWRWKHELWXPHQZLWKLQWULQVLFKHDOLQJFDSDFLW\LH&DVHWKHWRWDOHQHUJ\DQG*+*
HPLVVLRQVVSHQWRQWKHZD[VKRXOGEHOHVVWKDQ*-DQGWRQQHV&2HTWREHEHQHILFLDO

7DEOH3URFHVVHQHUJ\SHU)8IRUGLIIHUHQWVWDJHVLQWKHFRQVWUXFWLRQRIWKHDVSKDOWSDYHPHQW
&$6(678'< &$6(678'< &$6(678'<
(QHUJ\
&RQVXPHG ,WHP
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
Ȉ
(QHUJ\
*-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(QHUJ\
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(OHFWULFLW\
%LWXPHQ3URGXFWLRQ  
 
 
 
 
 

:D[3URGXFWLRQ      D 
$JJUHJDWH3URGXFWLRQ       
$VSKDOW3URGXFWLRQ       
)XHO
%LWXPHQ3URGXFWLRQ  
 
  
 
 
 

:D[3URGXFWLRQ      E 
$JJUHJDWH3URGXFWLRQ       
$VSKDOW3URGXFWLRQ 0:      
%LWXPHQWUDQVSRUWHG
WRWKHDVSKDOWSODQW
NP 
      
:D[WUDQVSRUWHGWR
WKHDVSKDOWSODQW
NP 
     F 
$JJUHJDWH
WUDQVSRUWHGWRWKH
DVSKDOWSODQW
NP
       
$VSKDOWWUDQVSRUWHG
WRWKHFRQVWUXFWLRQVLWH
NP 
      
/D\LQJ$VSKDOW      
&RPSDFWLQJ$VSKDOW      
7RWDO3URFHVV(QHUJ\*-    DEF 
(7((TXLYDOHQW7KHUPDO(QHUJ\IDFWRUIRUHOHFWULFLW\LV  0-
7UDQSRUWDWLRQGLVWDQFHVZHUHGRXEOHGLQWKHFDOFXODWLRQDVORDGHGWUXFNVZLOOUHDFKWKHVLWHDQGHPSW\ZLOOUHWXUQ
D(OHFWULFHQHUJ\UHTXLUHGWRSURGXFHZD[LQ*-
E)XHOHQHUJ\UHTXLUHGWRSURGXFHZD[LQ*-
F7UDQVSRUWDWLRQIXHOHQHUJ\UHTXLUHGWRSURGXFHZD[LQ*- 






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7DEOH*UHHQKRXVH*DVHV*+*VSHU)8SURGXFHGGXULQJGLIIHUHQWSURFHVVHVLQWKHFRQVWUXFWLRQRIWKHDVSKDOWSDYHPHQW
&$6(678'< &$6(678'< &$6(678'<
(PLVVLRQVWRDLU
WRQQHV)8 &2 12 &+ &2 12 &+ &2 12 &+
%LWXPHQSURGXFWLRQ  ( (  ( (  ( (
:D[SURGXFWLRQ       G
 G

 G



$JJUHJDWH3URGXFWLRQ  ( (  ( (  ( (
$VSKDOW3URGXFWLRQ  ( (  ( (  ( (
3DYLQJ  ( (  ( (  ( (
&RPSDFWLQJ  ( (  ( (  ( (
7UDQVSRUWDWLRQ  ( (  ( (  ( (
:D[7UDQVSRUWDWLRQ       H
 H

 H



Ȉ  ( (  ( (  ( (
&2HT   GH
GLV &2HTIURPWKHZD[SURGXFWLRQ)8
HLV&2HTIURPWKHZD[WUDQVSRUWDWLRQ)8 
7DEOH%HQHILFLDOELWXPHQPRGLILFDWLRQERXQGDULHVZUWHQHUJ\DQGHPLVVLRQVDOORFDWLRQ
&RPSDULVRQ
(QHUJ\VSHQWRQZD[*-)8  &DVHYV&DVH &DVHYV&DVH
(7((OHFWULFLW\XVHG D  
)XHOFRQVXPSWLRQ E  
7UDQVSRUWDWLRQ(QHUJ\ F  
7RWDO:D[(QHUJ\  
*+*V(PLVVLRQVWRQQHV)8 
:D[SURGXFWLRQ G  
:D[7UDQVSRUWDWLRQ H  
7RWDO3URFHVV(PLVVLRQV   
DEFSDUDPHWHUVIURP7DEOHDQG GHIURP7DEOH 
$VFDQEHVHHQIURPWKHSUHYLRXVDQDO\VLV WUDQVSRUWDWLRQGLVWDQFHVDUHRISDUDPRXQWLPSRUWDQFHRQWKHUHVXOWLQJ
HPLVVLRQV DQG HQHUJ\ XVDJH 7KH GHYHORSHG /&$ IUDPHZRUN FDQ WKHUHIRUH EH DOVR XVHG WR TXDQWLI\ WKH HIIHFW RI
FKDQJLQJ WKH ORFDWLRQ RI WKH DVSKDOW SODQW WKH DJJUHJDWH TXDUU\ RU WKH RWKHUPDWHULDO VXSSOLHUV ZLWK UHVSHFW WR WKH
SDYHPHQW VLWH 7R LOOXVWUDWH WKLV D VHQVLWLYLW\ DQDO\VLVZDV FDUULHGRXW LQZKLFK WKH GLVWDQFHVZHUH YDULHG7DEOH 
VKRZV WKHPDWHULDO WUDQVSRUWDWLRQGLVWDQFHVFRQVLGHUHGIRUWKHFDVHVWXG\DQG WKHVHQVLWLYLW\DQDO\VLV)URPWKHFDVH
VWXG\LWZDVIRXQGWKDWRIWKHWRWDOSURFHVVHQHUJ\ZDVFRQVXPHGIRUPDWHULDOVWUDQVSRUWDWLRQSHUIXQFWLRQDO
XQLW DQG IRU WKHSURGXFWLRQRI DVSKDOW SHU IXQFWLRQDO XQLW+HQFH DVSKDOW SURGXFWLRQZDV WKHPRVW HQHUJ\
LQWHQVLYHSURFHVVLQWKH/&$VWXG\)URPWKHVHQVLWLYLW\DQDO\VLVLQZKLFKWKHYDULRXVVLWHVZHUHDWODUJHUGLVWDQFHV
IURP HDFK RWKHU LW ZDV IRXQG WKDW  *-  *- DQG  *- IXHO HQHUJ\ ZDV FRQVXPHG WR WUDQVSRUW ELWXPHQ
DJJUHJDWH DQG DVSKDOW UHVSHFWLYHO\ 7KLV PHDQV WKDW   RI WKH WRWDO SURFHVV HQHUJ\ ZDV FRQVXPHG IRU WKH
WUDQVSRUWDWLRQ RI WKHPDWHULDOV LQ FRPSDULVRQ WR WKH DVSKDOW SURGXFWLRQ ZKLFKZDV  ,QFUHDVLQJ WKH GLVWDQFHV
EHWZHHQGLIIHUHQWVLWHVOHGPDWHULDOWUDQVSRUWDWLRQWREHWKHPRVWHQHUJ\LQWHQVLYHSURFHVVLQWKHOLIHF\FOHSHUVSHFWLYH
,Q WHUPV RI HPLVVLRQV DOPRVW  WRQQHV&2HTZDV HPLWWHGZKHUHDV IURP WKH VHQVLWLYLW\ DQDO\VLV HPLVVLRQVZHUH
IRXQGWREHWRQQHV&2HTLQWKHFDVHRIODUJHUGLVWDQFHV
&RQFOXVLRQVDQGUHFRPPHQGDWLRQV
,WLVZLGHO\DFFHSWHGLQWKHSDYHPHQWLQGXVWU\WKDWVRPHELWXPHQKDYHDVLJQLILFDQWKHDOLQJFDSDFLW\7LOOWKLVGDWH
KRZHYHU LW LV QRW NQRZQZK\ WKLV LV WKH FDVH QRU LV LW XQGHUVWRRG KRZ ZH FDQ HQKDQFH RU PHDVXUH WKLV KHDOLQJ
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FDSDFLW\LQDFRUUHFWPDQQHU,QWKLVSDSHUDQHZKHDOLQJPRGHOWKDWZDVUHFHQWO\SURSRVHGZDVSUHVHQWHGDQGEDVHG
RQ WKLV PRGHO D GLVFXVVLRQZDV KHOG DERXW WKH IXQGDPHQWDO SDUDPHWHUV WKDW FRXOG DIIHFW WKH KHDOLQJ FDSDFLW\ 7R
LQGLFDWHKRZVLJQLILFDQWWKHHIIHFWRIELWXPHQ¶VVHOIKHDOLQJFDSDFLW\FDQEHRQWKHHQWLUHOLIHWLPHRISDYHPHQWVDQHZ
/&$IUDPHZRUNZDVXWLOL]HGIRUDGHWDLOHGFDVHVWXG\+HUHWKHK\SRWKHVLVZDVPDGHWKDWWKHEHQHILWRIKDYLQJVHOI
KHDOLQJELWXPHQLQWKHSDYHPHQWZRXOGOHDGWRDOLJKWHUSDYHPHQWGHVLJQIRUWKHVDPHVHUYLFHOLIHWLPHRIDSDYHPHQW
,Q WKH FDVH VWXG\ WKH DVVXPSWLRQV WKDW ELWXPHQ KDV DQ LQWULQVLF KHDOLQJ FDSDFLW\ DQG WKDW ELWXPHQPD\ QHHG WREH
PRGLILHG WR HQKDQFH LWV KHDOLQJ FDSDFLW\ ZHUH FRQVLGHUHG ,W ZDV FRQFOXGHG IURP WKLV VWXG\ WKDW DQ LPSURYHG
XQGHUVWDQGLQJRIWKHKHDOLQJFDSDFLW\RIELWXPHQFRXOGKDYHDVLJQLILFDQWLPSDFWRQWKHOLIHWLPHRIDVSKDOWLFKLJKZD\V
DQGDVVXFKKDYHDVLJQLILFDQWHIIHFWRQWKHHQHUJ\FRQVXPSWLRQDQGWKHRYHUDOOHQYLURQPHQWDOLPSDFW

)URPWKHFDVHVWXG\LWFRXOGEHFRQFOXGHGWKDWEHWWHUXQGHUVWDQGLQJRIWKHELQGHUZRXOGGHILQLWHO\ OHDGWREHWWHU
RSWLPL]HGSDYHPHQWGHVLJQ KHQFH UHGXFLQJ WKHHQHUJ\FRQVXPSWLRQDQGHPLVVLRQV$ OLPLW LQ WHUPVRIHQHUJ\DQG
HPLVVLRQV IRU WKH SURGXFWLRQ RI WKH ZD[ ZDV DOVR IRXQG ZKLFK FRXOG KHOS WKH ZD[ SURGXFHUV WR LPSURYH WKHLU
PDQXIDFWXULQJSURFHVVHVPDNLQJWKHPHIILFLHQWHQRXJKWREHEHQHILFLDOIURPDSDYHPHQWOLIHF\FOHSRLQWRIYLHZ,Q
RWKHUZRUGVSRVLWLYHHIIHFWVREWDLQHGGXHWRXVHRIDGGLWLYHVDUHRQO\EHQHILFLDOZKHQHQHUJ\DQGHPLVVLRQVDUHORZHU
LQFRPSDULVRQWRWKHXQPRGLILHGDVSKDOWLQDOLIHF\FOHSHUVSHFWLYH

$VSKDOWSURGXFWLRQZDV VKRZQWREHDKLJKO\HQHUJ\ LQWHQVLYHSURFHVV LQDOO WKUHHFDVHV+HQFH WKHELQGHUVHOI
KHDOLQJFDSDELOLW\DQGWKHXVHRIDGGLWLYHVOLNHZD[HVVKRXOGEHIXUWKHUVWXGLHGLQRUGHUWRGHWHUPLQHEHQHILWVZKLFK
FRXOGEHDFKLHYHGLQWHUPVRIUHVRXUFHFRQVXPSWLRQHQHUJ\DQGHPLVVLRQVE\ORZHULQJ WKHHQHUJ\XWLOL]DWLRQLQWKH
DVSKDOWPL[SODQW0DWHULDO WUDQVSRUWDWLRQGLVWDQFHVDOVRSOD\ DYHU\ LPSRUWDQW UROH LQ WHUPVRIHQHUJ\FRQVXPSWLRQ
DQGHPLVVLRQV/DUJHUGLVWDQFHVEHWZHHQGLIIHUHQWLQWHUHVWVLWHVOHDGWRVLJQLILFDQWO\PRUHIXHOFRQVXPHGZKLFKUHVXOWV
WR KLJK HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV PDNLQJ WKH WUDQVSRUWDWLRQ RI WKH PDWHULDOV WKH PRVW HQHUJ\ FRQVXPLQJ
SURFHVVLQDOLIHF\FOHSHUVSHFWLYH,WFDQWKHUHIRUHEHUHFRPPHQGHGWRKDYHVKRUWHUWUDQVSRUWGLVWDQFHV

,Q FRQFOXVLRQV IXQGDPHQWDO XQGHUVWDQGLQJ RI WKH FKHPRPHFKDQLFDO SURSHUWLHV RI WKH ELWXPHQ FDQ OHDG WR D
VLJQLILFDQWLPSDFWRQWKHVXVWDLQDELOLW\RIKLJKZD\VDQGWKHLPSDFWRQWKHHQYLURQPHQW0RUHUHVHDUFKHIIRUWVVKRXOG
WKHUHIRUHEHPDGHWRLQYHVWLJDWHWKHIXQGDPHQWDOSURSHUWLHVRIWKHELQGHUDQGLQFOXGHWKHVHLQWRFDOLEUDWHGPHFKDQLVWLF
GHVLJQWRROVWKDWDOORZIRUDFFXUDWHOLIHWLPHSUHGLFWLRQV
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN 'U 6XVDQQD 7ROOHU IRU KHU H[SHUW DGYLFH LQ WKH GHYHORSPHQW RI WKH /&$
IUDPHZRUN
5HIHUHQFHV
%DXPDQQ+	7LOOPDQ$07KH+LWFK+LNHU
VJXLGHWR/&$$Q2ULHQWDWDLRQLQ/&$PHWKRGRORJ\DQG
DSSOLFDWLRQ*|WHERUJ6WXGHQWOLWWHUDWXU

%XWW$$0LU]DGHK,7ROOHU6	%LUJLVVRQ%/LIH&\FOH$VVHVVPHQW)UDPHZRUNIRU$VSKDOW
3DYHPHQWV0HWKRGVWR&DOFXODWHDQG$OORFDWH(QHUJ\RI%LQGHUDQG$GGLWLYHV,QWHUQDWLRQDO-RXUQDORI3DYHPHQW
(QJLQHHULQJXQGHUUHYLHZ

'
$QJHOR-:DUP0L[DVSKDOW(XURSHDQ3UDFWLFH:DVKLQJWRQ'&)HGHUDO+LJKZD\$GPLQLVWUDWLRQ
5HSRUWQXPEHU)+:$3/

'DV3.7DVGHPLU<	%LUJLVVRQ%(YDOXDWLRQRI)UDFWXUHDQG0RLVWXUH'DPDJH3HUIRUPDQFHRI:D[
0RGLILHG$VSKDOW0L[WXUHV-RXUQDORI5RDG0DWHULDOVDQG3DYHPHQWV'HVLJQDFFHSWHGIRUSXEOLFDWLRQ

.ULQJRV1HGLWRU$)LQLWH(OHPHQW%DVHG&KHPR0HFKDQLFV0RGHOWR6LPXODWH+HDOLQJRI%LWXPLQRXV
0DWHULDOV&KHPR0HFKDQLFVRI%LWXPLQRXV0DWHULDOV,6%1($1

2200   Ali Azhar Butt et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2190 – 2200 
.ULQJRV16FKPHWV$3DXOL7	6FDUSDV$$WKHUPRG\QDPLFDSSURDFKWRKHDOLQJLQELWXPHQLQ
3URFHHGLQJWK,QWHUQDWLRQDO5,/(0FRQIHUHQFHRQDGYDQFHGWHVWLQJDQGFKDUDFWHUL]DWLRQRIELWXPLQRXVPDWHULDOV
5KRGHV*UHHFH-XQH

.ULQJRV13DXOL76FKPHWV$	6FDUSDV$'HPRQVWUDWLRQRID1HZ&RPSXWDWLRQDO0RGHOWR6LPXODWH
+HDOLQJLQ%LWXPHQ-RXUQDORI$VVRFLDWLRQRI$VSKDOW3DYLQJ7HFKQRORJLVWVXQGHUUHYLHZ

3DXOL7'HYHORSPHQWRIDQXQGHUVWDQGLQJRIKHDOLQJDQGFUDFNLQJLQELWXPHQRQWKHPLFURVFDOH3K'WKHVLV
'HOIW8QLYHUVLW\RI7HFKQRORJ\XQGHUUHYLHZ

6FKPHWV$.ULQJRV13DXOL75HGHOLXV3	6FDUSDV$2QWKHH[LVWHQFHRIZD[LQGXFHGSKDVH
VHSDUDWLRQLQELWXPHQ,QWHUQDWLRQDO-RXUQDOIRU3DYHPHQW(QJLQHHULQJ

6WULSSOH+/LIH&\FOH$VVHVVPHQWRI5RDG$3LORW6WXG\IRU,QYHQWRU\$QDO\VLV*|WHERUJ,9/6ZHGLVK
(QYLURQPHQWDO5HVHDUFK,QVWLWXWH


